Objective: To institute and evaluate the benefits of an enhanced recovery after surgery (ERAS) program across three hospitals in Victoria.
An enhanced recovery after surgery program for hip and knee arthroplasty O steoarthritis is the leading cause of pain and disability among the elderly and affects 15% of the population. Despite a range of treatments for osteoarthritis (OA), joint replacement remains the main treatment option for patients in whom the disease has progressed. 1 In Victoria, more than 20 000 hip and knee joint replacements are now performed each year, reflecting orthopaedic practices globally. The prevalence of OA and the need for joint replacement are likely to increase because of a combination of increasing risk factors (age, obesity) and improved surgical and anaesthetic techniques that make surgery possible for more people.
1 Across health services, there is wide variation in hospital length of stay for patients receiving hip and knee replacements. This is probably independent of casemix and more reflective of varying health service practices. Surgical injury, pain, stress-induced catabolism, impaired organ function and impaired cognitive function may contribute to complications, prolonged hospitalisation, postoperative fatigue, delayed convalescence and the need for rehabilitation. Optimisation of individual care components in perioperative care (the fast-track methodology) reduces the need for prolonged hospitalisation and convalescence, and reduces morbidity, with subsequent economic savings. [2] [3] [4] [5] [6] Enhanced recovery after surgery (ERAS) programs are a care package of evidence-based interventions used in a multimodal, integrated clinical care pathway to achieve improved functional outcomes and rapid recovery.
6 ERAS pathways have led to reduced hospital stays after hip or knee replacements -as short as 3 days in many centres. [5] [6] [7] [8] 1 Sixteen predefined enhanced recovery after surgery items for hip or knee arthroplasty
• Nurse coordinator counselling in the orthopaedic or preadmission clinic
• Preadmission review by a physiotherapist and/or dietitian • Minimal fasting preoperatively, defined as clear oral fluids up to 2 hours before surgery
• Preoperative oral carbohydrate loading
• No sedative premedication (benzodiazepines, opioids or neuroleptics)
• Pre-emptive analgesia with paracetamol and gabapentinoids according to protocols
• Spinal anaesthesia (not epidural)
• Local anaesthesia technique (surgeon-delivered local infiltration of analgesia or anaesthetic femoral nerve block)
• Minimal (ഛ 10 mg) intravenous morphine intraoperatively
• Intraoperative avoidance of excessive intravenous fluids (knee, > 1 L; hip, > 2 L; both: subtracting blood loss)
• Active intraoperative warming (forced air warming and/or warmed intravenous fluids)
• Antiemetic prophylaxis
• Multimodal oral analgesia for у 3 days postoperatively, to include a non-steroidal anti-inflammatory drug or cyclooxygenase-2 inhibitor
• Early postoperative (recovery room) oral carbohydrate supplementation
• Mobilisation within 24 hours
• Early hospital discharge (ഛ 5 days)  We aimed to assess the extent to which a predefined ERAS program for orthopaedic surgical patients could be achieved, and to evaluate improvements in quality of care and patient outcome across three public hospitals in Victoria.
Methods
We used a before-and-after study design consisting of three phases. Public health services involved in the study were the Alfred, Bendigo and Monash hospitals. 10 Indicators of patient satisfaction were assessed at 30 days after surgery using a 5-item Likert scale (0 = strongly agree, 5 = strongly disagree).
Actual hospital stay was timed from the beginning of surgery until discharge. We evaluated readiness for discharge on postoperative Day 3, defined by whether patients were eating and drinking, had no drain tubes or urinary catheters, were weightbearing, and had well controlled pain scores (visual analogue scale with a range of 0 to 10) at rest and on movement of less than 3 and 5, respectively.
A successful ERAS implementation required at least 11 of 16 prespecified ERAS items (Box 1). Previous PONV or motion sickness 124 (30%) 81 (27%) 0.41 ACE = angiotensin-converting enzyme. ARB = angiotensin-receptor blocker. ASA = American Society of Anesthesiologists. COPD = chronic obstructive pulmonary disease. COX = cyclooxygenase. ERAS = enhanced recovery after surgery, LMWH = low molecular weight heparin. NSAID = non-steroidal anti-inflammatory drug. PONV = postoperative nausea and vomiting. * Data are no. (%) of patients unless otherwise specified. † P value derived from χ 2 test for trend. 
On completion of our study, there was a concern raised by the surgical team at the lead institution regarding an apparent increased incidence of acute kidney injury (AKI). In view of the widespread use of local anaesthetic infiltration with a solution that included ketorolac 30 mg, we chose to investigate this more formally at the lead institution. We retrospectively retrieved all perioperative creatinine data for the study cohorts. AKI was defined according to AKI Network 11 and RIFLE (risk, injury, failure, loss, end-stage kidney disease) 12 criteria. We did not include urine output or oliguria in the definitions of AKI, in part because we did not collect these data, but primarily because urine output is an unreliable indicator of renal function in the perioperative setting.
To account for the restrictive intravenous (IV) fluid regimen used in the ERAS cohort (which may have artificially elevated serum creatinine because of the avoidance of a dilutional effect from excessive IV fluids increasing body water), we calculated the adjusted creatinine concentration by first estimating the volume of distribution for creatinine as equal to total body water (assumed to be 60% of body weight, expressed in mL), and assuming that 50% of IV fluid was still accumulated as tissue oedema at the time of postoperative creatinine measurements: 13 adjusted creatinine concentration = serum creatinine concentration (1 + [0.5 IV fluid balance/total body water])
Analysis of the data showed that there was no increased incidence of AKI in the ERAS group (Appendix 1).
The primary end point of the study was duration of hospital stay. Secondary end points were adherence to the ERAS bundle (defined as у 11 items), and a number of patient outcome measures. A sample size calculation based on a change in hospital stay from a mean of 7 days (SD, 4 days) to 6 days (SD, 3 days), with an α value of 0.05 and a β value of 0.2, required at least 380 patients to be enrolled, but we included a larger sample in view of the planned subgroup analyses. Continuous data are reported as mean (SD) or median and interquartile range (IQR) . Numerical data were first tested for normality using the Kolmogorov-Smirnov test and then compared using the Student t test or Wilcoxon rank-sum test, as appropriate. Rates were compared using χ 2 or Fisher exact test, as appropriate. Hospital stay was expected to be skewed to the right because of a small proportion experiencing complications and a protracted hospital stay. Therefore, we log-transformed hospital stay data to enable valid comparison using the t test; in addition, we report median (IQR) length of stay and results of Wilcoxon rank-sum testing. Patients undergoing each type of surgery were also analysed as subgroups. A P value of less than 0.05 was considered statistically significant. Data were analysed with SPSS version 20.0 for Windows (SPSS Inc). Mean duration of surgery, hours (SD) 2.0 (0.9) 1.9 (0.6) 0.33 CSE = combined spinal and epidural. ERAS = enhanced recovery after surgery. IV = intravenous. LA = local anaesthesia. PONV = postoperative nausea and vomiting. * Data are no. (%) of patients unless otherwise specified. † Key ERAS implementation points. 
Results
We enrolled 709 patients into the project; 412 in the existing-practice cohort and 297 in the ERAS cohort (Box 2). We achieved 100% patient follow-up to hospital discharge and 90% followup at 6 weeks; there were 41 (10%) and 25 (8%) patients missing in each cohort, respectively. Comparison of data from the three hospitals showed that the patients were similar demographically as well as having similar rates of physical functioning and comorbidity. The existing-practice and ERAS cohorts, with the exception of some medications, were comparable (Box 2), which allowed unadjusted analyses between groups. The proportion of patients ready for discharge on Day 3 after surgery was significantly higher in the ERAS group compared with the existing-practice group: 59% v 41%, respectively; relative risk, 1.35 (95% CI, 1.18-1.53); P < 0.001 (Box 6 and Appendix 1).
The 6-week complication rates were similar and there was no increase in the rate of hospital readmission. Pain levels were similar and there was a higher level of patient satisfaction at 6 weeks after surgery (Box 5).
The incidence of AKI was comparable between groups (Appendix 1). The final plasma creatinine values were slightly higher in the ERAS group, but this could be accounted for by higher baseline (preoperative) values; ERAS patients had a mean change in creatinine from 78 mmol/L (SD, 24 mmol/L) preoperatively, to a final reading of 79 mmol/L (SD, Return to theatre, no. of patients (%) 14 (3%) 10 (3%) 0.76
Length of stay, days
Geometric mean (SD) 5.3 (1.6) 4.9 (1.6) < 0.001 Median (IQR) 5.0 (4.0-6.8) 5.0 (3.8-6.2) 0.10 ERAS = enhanced recovery after surgery. IQR = interquartile range. * Visual analogue scale: 0 = none, 10 = severe.  were no cases of renal failure.
Discussion
Our study results indicate that implementing an ERAS program may be beneficial for other Victorian public hospitals. The ERAS program had a small but significant effect on hospital stay, particularly for knee replacement patients. A pertinent finding from our study was that a higher proportion of patients managed through the ERAS care pathway compared with the existing-practice group (59% v 41%, respectively) were deemed ready for discharge on postoperative Day 3.
The limited effect on actual hospital stay in this project is likely to be due to one key factor: despite an effectively implemented ERAS program, there were entrenched hospital practices that prevented earlier hospital discharge even though patients were deemed ready for discharge; that is, discharge planning practice was mostly unchanged. This is due to established ward practices, including a repetitive requirement for many joint replacement patients to undergo their initial rehabilitation program as an inpatient (delaying their discharge). Patients referred for rehabilitation often wait for some time (hours or days) before being reviewed by rehabilitation services. Further, if surgery occurred on a Thursday or Friday, patients had minimal access to physiotherapy over the weekend. These aspects offer opportunities for improvement. The challenge is clear: to convert improvement in care (and outcome) into shorter hospital stay.
Our primary end point was duration of hospital stay. As we have done previously, 14 we used a logtransformation and compared geometric means to account for skewness of our data (a small proportion of patients staying in hospital for very long times distorts central tendency -a well known phenomenon for many types of surgery). A secondary non-parametric comparison of median stays was not statistically significant. Therefore, we reported the 75th centiles to illustrate the observed improvement in hospital stay for the majority of patients.
Administrative and traditional patterns of clinical practice limit opportunities for change and are common causes of delayed discharge from hospital.
14-16 Perhaps specific fasttrack arthroplasty units that have evidence-based and protocolised rapid recovery pathways can optimise cost-efficient quality outcomes after hip and knee replacement surgery. 15 This could reduce hospital costs, improve patient satisfaction with care and potentially reduce perioperative morbidity.
We demonstrated that an ERAS program for orthopaedic joint replacement can be achieved. We markedly improved most indicators of processes related to an ERAS program. These included preadmission patient education, reduced fasting times, clear oral fluids, written instructions (including expected day of discharge), less blood loss, better pain relief, earlier ambulation and better overall quality of recovery. Similar success has been reported in other countries. 8, 17, 18 Medical teams can be trained to deliver an ERAS program and this clearly improves the quality of care.
We clearly demonstrated that we could successfully implement a predefined ERAS program for orthopaedic surgical patients in public hospitals, and that doctors and nurses could follow such a regimen to improve outcome parameters. There was high uptake of nearly all ERAS items. This led to clinically important improvements in care, a small reduction in hospital stay for knee replacement patients, and an overall improvement in some aspects of patient satisfaction. There was evidence of improved quality of recovery. There was no effect on most complications and no adverse effect on hospital readmission rates.
Our 6-week complication rates are lower than those reported in most studies, the largest of which included 4500 consecutive unselected hip and knee replacements. 5 In that study, the first 3000 patients represented existing or traditional practice and a further 1500 patients underwent an ERAS protocol similar to that used in our study. This group reported a decrease in length of stay from 6 days to 3 days (P < 0.001), as well as a reduction in 30-day mortality (from 0.5% to 0.1%; P = 0.02) and 90-day mortality (from 0.8% to 0.2%; P = 0.01). Blood transfusion was reduced from 23% to 9.8% (P < 0.001). There was a trend of a reduced rate of 30-day myocardial infarction (from 0.8% to 0.5%; P = 0.2) and stroke (from 0.5% to 0.2%; P = 0.2). There was no measurable effect on deep vein thrombosis (0.8% v 0.6%; P = 0.5) or pulmonary embolism (1.2% v 1.1%; P = 0.9).
There were some limitations of our study. It was not a randomised trial and there may have been some imbalance between the groups that we did not account for. The study was unblinded and we compared numerous secondary end points. Although there are likely to be cost benefits of an ERAS program, we did not undertake any health costing analyses.
We found a high level of general acceptance and uptake of the ERAS program and, on the whole, it had a positive effect on patients and staff. We can recommend this orthopaedic ERAS pathway.
